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The prevalence of macrolide-lincosamide-streptogramin (MLS) resistance phenotypes was determined among erythromycin-resistant Staphylococcus epidermidis isolates collected at the Bone Marrow Transplant Centre, Tunisia during 2002. The erm(A), erm(B), erm(C), msrA, mefA and icaA genes were detected by PCR. The vga, vgb and vat genes were amplified from pristinamycinresistant isolates. The icaA gene was detected in 76.5% of 34 isolates examined in detail. The erm(C) (53%) and erm(A) (32%) genes predominated because of clonal dissemination, followed by msrA (15%). Gene distribution was related to the methicillin resistance pattern. The vga gene was present in combination with erm(A) in three isolates.
Keywords Coagulase-negative staphylococci, icaA gene, macrolide resistance genes, resistance, Staphylococcus epidermidis, Tunisia Coagulase-negative staphylococci are the bacteria isolated most frequently from the blood cultures of febrile neutropenic patients, particularly in association with the use of intravenous catheters [1] . Resistance to macrolides is conferred either by methylases, encoded by erm genes that modify the ribosomal target of macrolides [2] , or by efflux pumps, encoded by the msrA gene. Ribosomal methylation results in cross-resistance to macrolide, lincosamide and streptogramin B antibiotics (MLS B phenotype) [3] , and can be expressed either constitutively (cMLS B ) or inducibly (iMLS B ) [4] . Macrolide efflux is characterised by resistance to 14-and 15-membered-ring macrolides (M phenotype) [5] . The aims of the present study were to determine the incidence and patterns of antimicrobial resistance among Staphylococcus epidermidis isolates from Tunisia, to correlate erythromycin and pristinamycin resistance with the presence of the MLS resistance genes erm(A), erm(B), erm(C), msrA, mefA, vga, vgb and vat, to search for the presence of the icaA gene in these isolates, and to assess their molecular epidemiology.
During 2002, 55 S. epidermidis isolates from blood cultures and 22 isolates from the intravascular catheters of 34 patients with haematological cancer at the Centre National de Greffe de Moelle Osseuse, Tunis, Tunisia were analysed. Isolates were identified using conventional methods and the ID-32 Staph system (bioMérieux, Marcy l'Etoile, France). Susceptibility to antibiotics was tested using the agar diffusion technique. MICs were determined using the agar dilution method according to French guidelines [6] . Resistance phenotypes of erythromycin-resistant isolates were determined using erythromycin, spiramycin, clindamycin, lincomycin and pristinamycin disks. Thirty-four erythromycin-resistant isolates were chosen randomly for PCR amplification of macrolide resistance genes [7] [8] [9] using the primers shown in Table 1 . A multiplex PCR assay was used to amplify erm(A), erm(C) and msrA [8] ; a duplex PCR was used to amplify erm(B) and mefA [10] ; and individual PCRs were used to detect vga, vgb, vat [11] and icaA [9] . Pulsed-field gel electrophoresis was performed essentially as described by Bannerman et al. [12] .
Resistance was detected to erythromycin (62% of isolates), oxacillin (51%), gentamicin (61%), lincomycin (60%), ofloxacin (60%) and rifampicin (51%). The rates of resistance to teicoplanin (6.5%) and pristinamycin (4%) were low. No resistance was detected to vancomycin. The rates of resistance to penicillin G and oxacillin were similar to those observed in Canada [8, 13] . Erythromycin resistance was higher in Tunis than in the UK (47.5%) [14] and Ontario, Canada (54%) [1] , probably because of the high selective antimicrobial pressure. The prevalence of pristinamycin resistance is usually low in most French (<5%) and Danish (14%) hospitals [15, 16] , but can be higher in hospitals where pristinamycin is used extensively, as reported previously for an Algerian hospital (20%) [11] . Methicillin-resistant S. epidermidis isolates (Meti-R) were significantly more often resistant to MLS antibiotics (82% to erythromycin, 79.5% to clindamycin) than were Meti-S isolates (39.5% and 16%, respectively; p <0.001). Similar findings were revealed by a study in the USA [17] .
Five phenotypes were observed among the 48 erythromycin-resistant isolates. Among the total of 77 isolates, 34 (44%) displayed constitutive and one (1%) inducible MLS B resistance. Four (5%) isolates displayed resistance to MLS antibiotics, including streptogramins A and B (MLS A+B phenotype), while six (8%) had the M phenotype and three (4%) displayed resistance to erythromycin and lincomycin (M+L phenotype). The iMLS B phenotype is the most prevalent phenotype found in Denmark (64%) [16] . In the present study, the M phenotype was found in only four (12%) isolates. This phenotype has been observed at similar frequencies in other countries, e.g., 11% in France [11] and 14% in Denmark [16] .
Among the 34 erythromycin-resistant isolates that were studied further, 25 displayed the cMLS B phenotype, one the iMLS B phenotype, three the MLS A+B phenotype, four the M phenotype, and one the M+L phenotype. The distribution of the erythromycin resistance genes in relation to the erythromycin resistance phenotypes is summarised in Table 2 . The most prevalent resistance determinants were erm(C)-like (53%), followed by erm(A)-like (32%) and msrA-like (15%). This distribution is similar to that observed in other countries [2, 8, 11, 16, 18] . The erm(B) and mefA genes were not detected. The erm(B) gene was encountered in only 0.5% of S. epidermidis isolates in a previous study from Canada [8] , but was present in 7.2% of isolates from the UK, albeit these were exclusively animal isolates [19] . The mefA gene has been found, either alone or together with erm genes, in coagulase-negative staphylococci [18] . No association of different erm genes was found in the present study, although this has been reported previously [18, 19] . The MIC of erythromycin varied between 32 and >1024 mg ⁄ L for the isolates harbouring erm(A) or erm(C), and between 16 and 32 mg ⁄ L for those harbouring msrA. Meti-R isolates harboured significantly more erm genes (p <0.001), particularly erm(C) (p <0.001), than Meti-S isolates, but msrA was not detected. In France, erm(A)-like and erm(C)-like genes were observed more frequently [11] , while msrA was predominant among Meti-R isolates in the UK [19] . The erm(A) gene was detected in combination with vga in three isolates with the MLS A+B phenotype (pristinamycin MIC 90 = 1 mg ⁄ L), as reported by Lina et al. [11] . The vgb and vat genes were not detected in pristinamycin-resistant isolates, but have been detected previously in a limited number of isolates [11] . A 100% correlation was observed between the MLS resistance phenotypes and genotypes (Table 2) , although Martineau et al. [8] have previously reported some discrepancies.
The icaA gene was amplified from 76.5% of the erythromycin-resistant isolates, and from all but one of the catheter isolates. This finding agrees with recent studies in France [20] and Germany [9] . It has been hypothesised that the presence of the ica gene locus is related to the potential virulence of a strain [20] . Two pulsed-field gel electrophoresis clones of S. epidermidis predominated in the present study: one clone with the cMLS B phenotype, containing erm(A) in all isolates, and a second clone containing erm(C) in 12 of 18 isolates. The five msrA strains were not clonally related. Clonal spread of methicillinresistant S. epidermidis strains has been reported previously in Denmark [16] .
In conclusion, the S. epidermidis isolates analysed in the present study showed a high frequency of erythromycin resistance, belonged predominantly to the cMLS B phenotype, and had disseminated in the form of two, erm(A)-or erm(C)-containing, clones.
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